Greenhouse gas emission from residential sector is difficult to control since emission regulation cannot be implemented to individual household. Government should induce each household to have energy saving lifestyle in order to abate increasing CO 2 emissions from household activities. The program to promote the spread of green home appliances by utilizing eco-points has been conducted in Japan since May 2009. Those who have purchased eco-friendly home appliances can apply for the issuance of eco-points and the exchange of issued points for various goods. It is necessary to know consumer preferences for home appliances, so as to verify the effect of CO 2 emission reduction of eco-point program. We statistically estimated consumer's utility functions for choosing refrigerators, televisions and air conditioners based on the sales data of them. The utility functions have explanatory valuables such as price, electricity cost, issued eco-points, etc. of individual home appliance. The utility functions enable the simulation of expected effect of CO 2 emission reduction under the changing rate of eco-points. While the direct effect of eco-point program was evaluated in this way, we considered the indirect and negative effect on CO 2 emissions that derive from the exchange of issued points for goods. Questionnaire survey was conducted for those who have been issued eco-points after purchasing home appliances. As a result, total CO 2 emission reduction was estimated as 170 million ton per year by the purchase of green home appliances. In addition, the emission reduction can be expected to increase by approximately 2.4 percent under the revised eco-point program that issues eco-points only to the top 20 percent of efficient home appliances.
Introduction
Carbon dioxide (CO 2 ) emissions from residential sector are increasing. Achievement of CO 2 emission reductions in the residential sector is a complex problem because of the difficulties in regulating individual behavior. Energy conservation enables household to reduce CO 2 emissions. This direct measure, however, reflects voluntary behavior and cannot assure reduced emissions. In Japan, an environmental system called the "Eco-point program" has been implemented by the government since May 2009. It aims to promote the spread of green home appliances by utilizing eco-points, which are given to those who purchase eligible home appliances, and can be exchanged for specific services and products. Energy-saving air conditioners, refrigerators and TVs have been selected for green home appliances. Consumers can save energy by replacing inefficient home appliances with new ones. They can also exchange eco-points with desired items among gift certificates, prepaid cards, regional products, energyconservation and eco-friendly products, and environmental donations.
The eco-point program has been implemented in order to promote global warming countermeasures as well as stimulate the economy. Replacing old home appliances with new ones has a large potential of CO 2 emission reduction because the efficiency of home appliances in Japan has been sharply improving since 2000's. The ecopoint program, however, has negative effects that it gives an incentive for buying additional home appliances. Indirect CO 2 emissions from producing exchanged items should be also considered.
The purpose of this study is to estimate CO2 emission reduction by the eco-point program. First, we develop the preference model that explains the factors such as price, energy efficiency, eco-points earned, etc. when consumers choose home appliances. The parameters of utility function are estimated based on the actual sales results of air conditioners, refrigerators and TVs. Then, we estimate CO2 emission reduction by purchasing green home appliances based on the questionnaire survey for those who earned eco-points. We also estimated CO2 emissions derived from producing exchanged items.
Preference model for home appliances
When consumers choose home appliances, they compare various functions of the choices, such as price, power consumption, design, size, etc. The preference model aims at estimating the probability that a consumer chooses home appliances among their choice set. The logit choice probability is often utilized to evaluate the probability derived from consumer behavior. Since sales data we collected are ranking of home appliances, we utilize a rankordered logit choice probability that estimates choice probability according to the choice ranking. The rank-ordered logit model was introduced by Beggs et al [1] .
Following equation is the probability of observing that j-th place choice is chosen among a choice set from i-th place choice to k-th place choice (
(1)
where P ijk is the above probability and V n is the utility function of n-th place choice. The probability of observing specific ranking from 1st to J-th place is expressed as follows:
The sales ranking data we collected are top ten models of home appliances in 2009. The ranking is presented every week for air conditioners, refrigerators and TVs. As shown equation (2), a utility function explains the observed ranking. Candidates of explanatory variable of utility function are price, power consumption, size, days from release date, optional function index, and presence of eco-point. Parameters of the utility function are estimated as maximum likelihood estimate (MLE). However, the estimation results did not show enough goodness of fit since ranking data do not have enough information like actual number of sales. Therefore, the estimation only from ranking data is complemented with stated preference data on home appliances. Stated preference data is acquired by questionnaire survey. Questions of the survey were based on conjoint analysis (Louviere et al. [2] ; Louviere [3] ). Conjoint analysis has been applied to psychometrics and marketing research (Green et al. [4] , [5] ), and has recently applied to environmental economics (Adamowicz et al. [6] , [7] ; Roe et al. [8] ). It belongs to the stated preference method, which is utilized to evaluate the preference for new products or contingent commodities. In the present study, we adopted choice-based conjoint (CBC) analysis. The statistical models and statistical estimation of the parameters used in conjoint analysis are described in many previous articles (Domencich et al. [9] ; Anderson et
al. [10] ). Table 1 presents sample questions based on conjoint analysis. Each respondent selects one desirable response among four choices. We prepared six questions, including those in Table 1 , for each respondent. The survey was conducted for 484 valid respondents via Internet in December 2004. As a result, utility functions were estimated for air conditioners, refrigerators and TVs.
We adopt joint estimation of two choice models (Ben-Akiva et al. [11] ). Here, by combining a utility function from ranking data with that from conjoint data, a new utility function is estimated. Estimated parameters are shown in Table 2 . Explanatory variables that satisfy sign condition are shown in the Table. Dummy-1valuable gives a value of one if the period from release date is less than six months and zero otherwise. Dummy-2 valuable gives a value of one if the period from release date is from six months to twelve months. Dummy-3 valuable gives a value of one if eco-point is attached to the model. Optional function valuable gives a value of one, two or three in proportion to the high functionality of the model. The utility function of air conditioners and refrigerators were well estimated. Ecopoints have the significant influence only to the choice of refrigerators. As for TVs, estimated utility functions do not have enough fitness. 
CO 2 emission reduction by eco-point program
The eco-point program prompts consumers to buy new home appliances. Replacing old home appliances with new ones basically leads to CO 2 emission reduction since energy efficiency of home appliance has been rapidly improving for recent years. However, consumers tend to choose larger size home appliances that have usually lower energy efficiency than that of smaller size. Stock increase by purchasing additional home appliances raises CO 2 emissions. Additional CO 2 emissions are also emitted from exchanged items of eco-points. We conducted questionnaire survey via the Internet in January 2010. 518 respondents who had obtained eco-points answered questionnaires. The numbers of respondents who purchased air conditioners, refrigerators, liquid crystal TVs, and plasma TVs are 194, 208, 225, and 74, respectively. First, we asked about the purchased home appliance whether the respondents had purchased it additionally or replaced an old one. Those who purchased it as replacement were asked about details of the old and new models. Next, we asked the exchanged items of eco-points. The items include gift certificates, prepaid cards, regional products, energy-conservation and eco-friendly products, and environmental donations. Those who chose gift certificates or prepaid cards were asked what they intended to purchase in the options shown in Table 3 . As Table 3 is classified consistently to input-output tables in Japan, embodied CO 2 emissions in exchanged item are calculated by input-output analysis (Nansai et al. [12] ). Since gift certificates include travel vouchers, those who chose travel vouchers were asked where they wish to go. CO 2 emissions from the travel are calculated from the travel distance and transportation. The respondents were asked to provide individual information such as age, sex, and occupation. Table 4 shows the change of the size of home appliances. The average ages when they were replaced are around 10 years. Three home appliances except air conditioners are getting bigger. More air conditioners were additionally purchased than refrigerators, liquid crystal TVs, and plasma TVs. Figure 1 shows energy efficiency of air conditioners and refrigerators in 2009 compared with those of same size in past years from 1989 to 2007. Energy efficiency of air conditioners and refrigerators has been gradually improving. The efficiency improvement is canceled by the increase of the size shown in Table 4 . Figure 2 depicts average CO 2 emission reduction per capita per year with and without additional demand for home appliances. When CO 2 emission reduction is evaluated only by before-and-after comparison of replacement, every home appliance enables CO 2 emission reduction. Especially, air conditioners and refrigerators show larger reduction than TVs. When CO 2 emission reduction is evaluated including additional purchase as well as replacement purchase, CO 2 emission reduction decreases. As the rate of the additional purchase of air conditioners is higher, CO 2 emissions increase in air conditioners.
Next, embodied CO 2 emissions in exchanged item are also evaluated. Embodied CO 2 emissions are calculated by utilizing input-output analysis. Input-output analysis is originally a tool in economics but used in evaluating lifecycle environmental burden of final products. Embodied CO 2 emissions in final products shown in the input-output 
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, where A is an input coefficient matrix given in an input-output table, I is a unit matrix, and C is the diagonal matrix of which diagonal elements show direct CO 2 emissions from one unit production in each industry. CO 2 emissions embodied in each final product are given by the sum of each column of Table 4 . CO 2 emission reduction derived from the eco-point program in the last year is obtained as ten times of CO 2 emission reduction shown in Figure 2 . Figure 4 shows estimated result of potential of CO 2 emission reduction by eco-point program in a year as well as CO 2 emissions embodied in exchanged items. Total CO 2 emission reduction is estimated at 1.7 million ton that is the sum of each bar in Figure 4 . The emission reduction corresponds to 0.1 % of total CO 2 emissions in Japan in 2007. 
Proposal of more effective eco-point program
It is true that CO 2 emission reduction in the eco-point program is estimated at 1.7 million ton. However, it cost 295 billion yen as an annual budget of the program. As the approximate price of CO 2 emission credit in 2010 was 2000 yen per ton, it costs only 3.4 billion yen if all of the CO 2 emission reduction in eco-point program were raised from the market. As the eco-point program has not only promoted global warming countermeasures but also stimulated the economy, minimizing cost for CO 2 emission reduction is not always the first priority. Though, there is room for improvement in the institutional design of eco-point program. The present program gives eco-point corresponding to the number of star signs that reflects the achievement level of energy efficiency of Energy Saving Law in Japan. Since the present achievement level was set in 2006, many of product models have already advanced energy efficiency and obtained star signs in 2009. Hence, the present eco-point program has possibility to be more effective if the eco-points are given only to limited efficient model.
We simulate the estimated sales of home appliances under the revised eco-point program. The simulation uses the logit model that is estimated in Table 2 . Revising eco-points of each product model in the utility function, we can evaluate the revised choice probability of each product model. Table 2 shows that only a utility function of refrigerators has the explanatory variable of eco-point. So the simulation is conducted for the sales of refrigerators. If we assume that the revised eco-point program gives eco-point only to the top 20 % of energy efficient models, the additional CO 2 emission reduction reaches 2.4 percent. This indicates that the eco-point program does not always help a lot for CO 2 emission reduction. In fact, Table 2 indicates that consumers do not emphasize presence of ecopoints but emphasize energy efficiency that is expressed as annual electricity expense. It may be said that consumers are originally sensitive to energy efficiency of home appliances independently of eco-point program.
Conclusion
This study estimated CO 2 emission reduction by the eco-point program in Japan. Based on the actual sales results of air conditioners, refrigerators and TVs, we developed the preference model that explains the factors when consumers choose home appliances. Then, we estimated CO 2 emission reduction by purchasing green home appliances based on the questionnaire survey for those who earned eco-points. We also estimated CO 2 emissions derived from producing exchanged items. As a result, total CO 2 emission reduction was estimated as 170 million ton per year by the purchase of green home appliances. The emission reduction can be expected to increase by approximately 2.4 percent under the revised eco-point program that issues eco-points only to top 20 percent of efficient home appliance. As the additional emission reduction is not large, it may be said that consumers are originally sensitive to energy efficiency of home appliances independently of eco-point program.
